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Abstract
This study analysed the rice genotype with  sub1A quantitative trait loci that may interact with
ongoing exposure of dehydration. cv. Swarna Sub1 had more nutrients efficiency with increased
membrane  permeability  than  cv.  Swarna.  sub1A QTL  with  its  expression  to  water  /  osmotic
deficit,  however,  indirectly  to  impede  the  oxidative  stress  under  dehydration  might  help  cv.
Swarna Sub1. At maximum dehydration cv. Swarna Sub1 had 1.12 fold excess electrolyte leakages
than  cv.  Swarna  under  dehydration.  cv.  Swarna  Sub1  had  better  Nicotinamide  adenine
dinucleotide phosphate-malic enzyme activity to secure carbon dioxide exchange. A proportional
increase in enzyme activity all through dehydration stress maximize under light in cv. Swarna
Sub1.  At  maximum  dehydration  cv.  Swarna  Sub1  at  saturating  substrate  concentration  was
increased by 1.12 fold than other cultivar. The ratio of glutathione (GSH:GSSG) more depleted in
cv. Swarna Sub1 through the dehydration period. cv. Swarna could be more promising to retrieve
the activity by 1.80 fold than cv. Swarna Sub1 under maximum dehydration. Dehydroascorbate
reductase activity was also maintained in cv. Swarna with 1.20 fold ahead than cv. Swarna Sub1
under same condition. As a biomarker of oxidative stress cv. Swarna Sub1 appeared to be less
sensitive with the loss of protein oxidation, however, recorded with 25% less carbonyl content
than  cv.  Swarna.  Both  the  genotypes  had  scored  a  significant  sensitivity  with  tissue  specific
distribution for reactive oxygen species as detected by histochemical assay.
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Introduction
In  rice  abundance  or  excess  water  creates  the
problem  for  a  transient  anaerobic  stress.  In  rice
cultivation the stagnation of water within a certain
date also creates some sort of oxygen deficiency (1).
Still,  a  prolonged duration of such condition with
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superseded water  level  around the height  of  the
plants  creates  the  submergence  stress.  This
hypoxic  or  anoxic  condition  becomes  more
vulnerable  for  the  plants  at  post  submergence
period.  On  recedes  of  water  level  after  a  long
submergence certainly exposes of the leafy shoot
to high oxygen tension (2). The turnover of anoxic
to  oxygenic  condition  is  an  outcome  of  some
reactive oxygen species (ROS). The development of
ROS  is  most  favoured  particularly,  with  high
irradiance is also happened in post submergence
condition.  Therefore,  change  over  anoxic  to
oxygenic  condition  and  perception  of  high
irradiance causes a misbalance of cellular redox.
In rice genotype post submergence oxidative stress
mediated reactions are highly variable. Tall/semi-
tall  indica  genotypes  are  equally  sensitive  to
lodging under submergence and post submergence
oxidative  stress  (3).  The  dwarf  cultivated
genotypes  are  moderately  sensitive,  still,  vary
according to agronomic condition. A depletion of
soil  nitrogen  and  water  deficit  may  also  be
inductive  for more proneness  to  oxidative stress
after  submergence.  A  fall  in  grain  yield  is  quite
significant throughout the submerged prone area
in rice cultivation with reference to Southeast Asia
(4).  Reduction  in  plant  growth  and  dry  matter,
photosynthetic  gas  exchange,  energy  yielding
metabolisms  under  anoxic/hypoxic  condition  are
the most common physiological constraints in rice
(5). The most studied rice genotype to interact with
submergence  is  with  the  genetic  elements  as
sub1A.  It  is  a  quantitative  trait  locus  (QTL)  that
employs ethylene induced physiological reactions
to  facilitate  suppressed  growth  and  anaerobic
respiration.  cv.  Swarna  Sub1  such  a  genotype
having  the  variability  with  sub1A QTL  could
exercise  the  quiescence  strategy  (6).  The
functionales of  this  QTL otherwise facilitates  the
regulation of reserved carbohydrates mobilization
through inhibition of gibberellic acid synthesis and
activities. However, during post submergence the
development  of  redox  and  its  interaction  with
ethylene is still yet to be ascertained. So, changes
of oxidative stress with functioning of  sub1A QTL
in  cv.  Swarna  Sub1  would  be  interesting  to
document. It would also be imperative to look into
the  behaviour  of  ethylene  (C2H4)  responsiveness
through sub1A QTL under water deficit condition.
This  is  compatible  to  the  occurrence  of  tissue
dehydration  as  occurs  at  post  submergence.  In
fact, rice seedlings may also be water deficit due to
poor  root  hydraulic  conductivity  even  under
complete  submergence.  Therefore,  post
submergence would be compatible to some sort of
dehydration  stress  in  rice  fallows,  particularly,
with water availability below the field capacity (7).
With this fact the present study would be relevant
to  monitor  the  reactions  of  sub1A QTL  when
exposed  to  withdrawn  irrigation.   With  this
background  we  have  designed  a  study  with  one
sub1A QTL possessing genotype cv.  Swarna Sub1
in comparison with non  sub1A QTL (cv.  Swarna)
with analysis of dehydration and oxidative stress
modules.
Materials and methods 
Development of rice  seedlings,  Drought stress
and sample collection:
The  present  experiment  was  carried  out  in  the
experimental  garden  and  laboratory  of  Plant
Physiology  in  the  Department  of  Botany,
University  of  Kalyani,  Kalyani  (22˚58'30"N,
88˚26'04"E), West Bengal, India. Certified seeds of
cv. Swarna (submergence intolerant line) and cv.
Swarna  Sub1  (submergence  tolerant  line)  were
collected  from  Chinsurah  Rice  Research  Station,
West Bengal, India. After sterilization, seeds were
transferred for germination for 4-5 days at 30ºC ±
2ºC available in incubator. 7 days old seedlings (10
hills per pot) were grown compacted with alluvial
soil containing sand, slit and clay (pH 6.8) for one
week under 16 light: 8 dark cycles. The irradiance
was  maintained  with  900-1200  μEm−2s−1,  85%  of
relative  humidity,  30ºC  ±  2ºC  of  temperature.
Under  such  condition  plants  were  kept
undisturbed for acclimatization for 7 days. 7 days
old plants were induced to dehydration in each pot
by withholding the irrigation for consecutive 2, 4
and  8  days  duration.  Sampling  of  the  intact
seedlings at intervals of those 2, 4 and 8 days were
done since the plants failed to survive within 10
days. A control set was made where no withdrawn
of irrigation was done. The plants were replicated
thrice  in  randomised  block  design  (RBD)  in
independent experiment. Biochemical analysis as
different  parameters  from  plant  samples  were
done  at  each  interval  of  2,  4  and  8  days  as
described following.
Assay of electrolyte leakage:
Intact  seedlings  were  harvested  from  each
treatment.  The  membrane  permeability  or
electrolyte  leakage  was  done  from  the  roots  of
plants under each treatment. Initially, roots were
thoroughly  washed  with  de-ionised  water,
incubated  over  night  at  37ºC  on  shaker.
Conductivity of the solution was read. Thereafter,
the roots in the solution were autoclaved at 120ºC
for 15 min. On cooling at 37ºC, final conductivity of
the same solution was measured by a conductivity
meter (Dm 50) (8). From the ratio of initial to final
conductivity  the  electrolyte  leakage  was
determined.
Assay of NADP-malic enzyme:
 Leaves  from seedlings  were  kept  in  dark  for  4
hours  following  incubation  in  2.0  mM  NaHCO3
induction buffer solution for 2 hours in the form of
leaf disks.  The sets were illuminated with the light
intensity  around  1000-1200  μEm−2s−1.  After
illumination  the  leaf  disks  were  extracted  in  a
buffer: 100 mM Tris-hydrochloride (pH 7), 15 mM
MgCl2 (magnesium chloride), 2 mM KH2PO4-K2HPO4
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(monopotassium  phosphate-dipotassium
phosphate), 0.1 mM EDTA, 0.1 mM PMSF, 0.1 mM
mercaptoethanol and 10% glycerol or sucrose. The
supernatant on centrifugation at 12,000 Xg for 15
min  at  4ºC  was  partially  purified  with  80%
ammonium sulphate cut. The purified fraction of
protein  was  taken  for  enzyme  assay  in  ice-cold
condition. The assay of enzyme was carried out at
37ºC in a reaction buffer of 2.5 ml with 100 mM
Tris-hydrochloride (pH 8),  10 mM MgCl2,  0.1 mM
DTT,  0.5  mM  nicotinamide  adenine  dinucleotide
phosphate (NADP) and 100 µg equivalent protein
leaves extract. Malate with varying concentrations
(0.01 µmol as limiting and 4.0 µmol as saturated)
were  considered.  The  enzyme  activity  (EC:
1.1.1.40) was determined by read the reduction of
NADP at 340 nm (9). BSA was used as standard to
quantify the protein with Bradford reagent.
Assay of GSH and GSSG:
Plant  samples  (1.0  g)  from respective  treatments
were  homogenised  in  TCA  (trichloroacetic  acid)
solution under cold condition and centrifuged at
15,000 Xg for 10 min at 4ºC. For the assay of GSH
(EC: 1.8.1.7) the supernatant was taken in 0.1 mM
phosphate  buffer  (pH  8.0).  An  aliquot  of
supernatant  with  the  assay  mixture  containing
phosphate buffer and 0.1% (w/v) o-phthalaldehyde
was  incubated  at  room  temperature  (excitation)
and 350 nm (emission). For the assay of GSSG (EC:
1.8.1.7) the supernatant was incubated with 0.4 M
NEM  for  half  an  hour.  Then,  the  mixture  was
diluted  by  adding  0.1  N  NaOH  and  pH  was
adjusted  to  12.0.  Thereafter,  an  aliquot  of  the
mixture was added to the same buffer as taken for
GSH  except  0.1  N  NaOH  for  reading  the
fluorescence intensity at 420 nm (excitation) and
350  nm  (emission).  With  the  help  of  standard
glutathione  the  content  of  GSH  and  GSSG  were
calculated (10).
Assay of DHAR activity:
Plant  samples  (1.0  g)  from  each  treatment  were
used  and crushed in  liquid  nitrogen.   Then,  the
samples were homogenized in 50 mM potassium-
phosphate  buffer  (pH  7.0)  and  centrifuged  at
12,000  Xg  for  15  min  at  4ºC.  Thereafter,  the
enzyme extract was added to the reaction mixture
containing 50 mM potassium-phosphate buffer (pH
7.0), 2.5 mM GSH and 0.1 mM dihydroxyacetone.
The  DHAR  activity  (EC:  1.8.5.1)  was  calculated
from the  change  in absorbance  at  265 nm for  1
min  with  the  help  of  extinction  coefficient  of
14/mM/cm (11).
Assay of protein oxidation:
Plant  samples  (1.0  g)  were  crushed  in  6%  SDS
(sodium dodecyl  sulfate)  and incubated (37ºC,  30
min).  To  this  10  mM  DNPH  in  1.5  ml  TCA  was
added  following centrifugation at 15,000 Xg  and
protein  pellet  was  recovered  which  was
completely suspended in 0.2 M sodium-phosphate
buffer (pH 7.0).  The absorbance was read at 360
nm  (12).  Finally  the  protein-carbonyl  complex
content  was  calculated  with  the  help  of  molar
extinction coefficient (530 M-1 cm-1) of DNPH.
Histochemical detection of hydrogen peroxide
(H2O2):
Leaves  and  roots  were  cut  into  uniform  sizes
followed  by  washing  thoroughly  with  double
distilled water. Accumulation of H2O2 was detected
with in-vivo infiltration by DAB (13). Samples were
infiltrated  with  freshly  prepared  5mM  DAB
solution  in  phosphate  buffer  for  over-night  in
dark.  Then pH of  the buffer was adjusted to  pH
3.8. Next, the leaves made de-chlorophyllous with
lactic  acid-glycerol-ethanol  solution  (1:1:4-v/v/v)
following boiling in for 10 min. The distributions
of  hydrogen  peroxide  were  captured  by  digital
camera (Dewinter).
Histochemical detection of superoxide (O2.-):
Leaves  and  roots  were  incubated  with  50mM
phosphate  buffer  containing  6mM  NBT  salt  (pH
4.8)  for  overnight.  Thereafter,  the  leaves  were
made de-chlorophyllous using lactic acid-glycerol-
ethanol  solution  (1:1:4-v/v/v)  following boiling  in
water-bath  for  10  min  (14).  Then  the  dark  blue
patches of formazan compound were captured by
digital camera (Dewinter).
Statistical analysis:
For the statistical analysis the data of the present
experiment were subjected to analysis of variance
coupled with student’s  t-test (SPSS software IBM-
version 26, USA) and the significance of variance
was tested at p ≤ 0.05, p ≤ 0.01 and p ≤ 0.001 levels.
Results
The present work is embodied with some cellular
responses to dehydration inundation of sub1A QTL
for  two  rice  cultivars:  cv.  Swarna  and  Swarna
Sub1. Initially,  as perception of water deficit,  the
membrane  responded  well  through  loss  of
osmolytes for both the genotypes (Fig. 1).       
      
Fig.  1.  Changes  of  electrolyte  leakage  through  days  of
dehydration  of  cv.  Swarna  and  Swarna  Sub1.  Data  are
presented  in  bars  with  ±  SE  (n=3)  from  independent
experimental sets and the significant values were represented
as * (p ≤ 0.05), ** (p ≤ 0.01) and *** (p ≤ 0.001) by student’s t-test
to  denote  the  significant  differences  between  control  and
treatment through duration of dehydration.
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The  electrolyte  leakage  could  be  granted  as
reliable index to over loss the ions all through the
days, however, maximum was recorded at 8 days.
Thus,  the  ranges  of  electrolyte  loss  under
treatments were in the order of 20 to 32% for cv.
Swarna and 20 to 36% for cv. Swarna Sub1. This is
significant  both  at  p  ≤  0.05  and  p  ≤  0.01  levels
which  also  predict  that  cv.  Swarna  under  stress
condition  could  minimize  the  electrolyte  loss
because, under dehydration it recorded 1.17% less
electrolyte leakage than the other variety.  In the
intermediate  period  cv.  Swarna  Sub1  was  also
prone  to  dehydration  with  significant  electrolyte
loss. This predicts ion conductivity would be more
affected  for  cv.  Swarna  Sub1  to  perceive  the
dehydration  induced  membrane  damages.  As
already described that rice is a C3 species and not
exercised the CO2 concentration mechanism with
existing de-carboxylation regulation. 
sub1A QTL while analysis  with respect  to
C3, however, non photosynthetic specific NADP-ME
activities showed a significant (p  ≤  0.05, 0.01 and
0.001)  variations  through  the  substrate
concentrations (Fig.  2).  With  concentration
variability  of  substrate  by  0.01  and  4.0  µmol,
NADP-ME activity was approaching in a consistent
manner regardless  of  the  rice  genotypes.  This  is
also  compatible  even  with  days  of  dehydration
stress. Thus, in light (at 0.01 µmol concentration)
the ranges of enzyme activity under control were
in  the  ranges  of  0.08  to  0.1  and  0.09  to  0.12
µmol/min/g  for  cv.  Swarna  and  Swarna  Sub1
respectively (Fig. 2a). With the increasing days of
dehydration  stress  at  4.0  µmol  concentration  in
light the activity changes in a similar manner with
up regulation through ranges of 0.12 to 0.15 and
0.13 to 0.14 µmol/min/g respectively for those two
varieties under control (Fig. 2c). The induction of
the enzyme for both cv. Swarna and Swarna Sub1
recorded  a  linear  increase  in  a  day  dependent
manner for the treatments.  At  8  days  maximum
changes  in  activities  were  2.20  and  2.33  fold
respectively for those two varieties under light at
0.01  µmol  concentration.  Under  same
concentration when plants were incubated in dark
the  changes  of  activities  at  maximum  days  of
dehydration were 3.0 and 1.7 fold for cv. Swarna
and Swarna Sub1 respectively (Fig. 2b) cv. Swarna
Sub1 had recorded the higher activity by 1.05 fold
than  cv.  Swarna  at  highest  concentration  and
duration at malate and days respectively (Fig. 2d). 
With  the  induction  of  dehydration  to
sub1A QTL, it is quite obvious to have a change of
redox  leading  to  oxidative  stress.  In  our  earlier
experiment the sensitivity of sub1A QTL to prolong
submergence and its recovery have documented a
fair amount of ROS generation.  Contextually,  the
homeostasis  of  redox system and its  recovery  is
monitored through cellular context of glutathione
(Fig.  3a).  Initially,  the  glutathione  with  its  two
forms  reduced  (GSH)  and  oxidised  (GSSG)  were
linearly increased through the duration of 2, 4 and
8 days, however, under control. Still, dehydration
treatment  had  significantly  (p  ≤  0.01  and  0.001)
consumed the GSH almost in a compatible manner
of both the varieties. As compared to control, the
maximum  subdued  effect  of  GSH  content  was
recorded  46.13  and  43.42%  at  8  days  for  cv.
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Fig. 2. Changes of NADP-ME activity at 0.01 µmol concentration in light (a), dark (b) and at 4.0 µmol concentration in light (c), dark
(d) through days of dehydration of cv. Swarna and Swarna Sub1. Data are presented in bars with ± SE (n=3) from independent
experimental sets and the significant values were represented as * (p ≤ 0.05), ** (p ≤ 0.01) and *** (p ≤ 0.001) by student’s t-test to
denote the significant differences between control and treatment through duration of dehydration.
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Swarna  and  Swarna  Sub1  respectively.  On  the
other hand the oxidised form of glutathione (GSSG)
was  also  up  regulated  through  the  dehydration
days  (Fig.  3b).  Thus,  the  GSSG  content  for  cv.
Swarna  and  Swarna  Sub1  remained  always  up
regulated through the ranges of 25 to 12 and 34 to
23nmol/g respectively all through the treatments.
The  increase  in  activity  under  dehydration  cv.
Swarna  Sub1  always  had  been  ahead  of  cv.
Swarna for GSSG. Ratio of GSH and GSSG is also
played a more reliable index to assay the oxidative
stress  tolerance  in  crops  and  that  also  is
established  in  the  present  experiment (Fig.  3c).
GSH:GSSG had always been higher in cv. Swarna
than Swarna Sub1 at 2 and 4 days. It showed an
increase of 1.20 and 1.15 fold at respective days for
cv. Swarna than Swarna Sub1 when compared to
control.  The  similar  trend  was  also  maintained
considering those varieties respectively, however,
became maximum 1.78 fold at 8 days.  
Recycling  of  ascorbate  into  its  reduced
form we have monitored the activity of DHAR for
cv.  Swarna  and  Swarna  Sub1  through  varying
duration of drought (Fig. 4). Regardless of varieties
activity  of  DHAR  was  subdued  when  the  plants
exposed to dehydration stress in a proportionate
manner. Thus, the maximum in activities at 8 days
of drought resulted depletion by 66.66 and 64.28%
for  cv.  Swarna and Swarna Sub1 respectively in
the  present  experiment.  Still,  the  reduction  in
activities were significant (p  ≤  0.001) all  through
the duration irrespective of varieties. This suggests
the  plants  ability  to  recruit  more  reduced
ascorbate  in  activities  to  cellular  dehydration  to
cope  up  its  effect.  Undoubtedly,  cv.  Swarna  was
more  sensitive  to  change  the  DHAR  activity  at
every stages of dehydration.
Finally  the  responses  of  sub1A QTL  to
dehydration,  that  otherwise  an  induction  of
oxidative stress was documented by biomolecules
peroxidation.  Protein  oxidation  through
development  of  carbonyl  content  was  the  most
variable all through the days of dehydration (Fig.
5). Still, the maximum variation was observed at 4
days of dehydration where cv. Swarna and Swarna
Sub1 were varied by decrease (70%) and increase
(1.8 fold) as compared to control respectively. On
contrary,  at  8  days  not  significant  variation  was
observed  in  both  varieties  under  control  and
dehydration condition. Therefore, the inconsistent
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Fig. 4.  Changes of dehydroascorbate (DHAR)  activity through
days of dehydration of cv. Swarna and Swarna Sub1.  Data are
presented  in  bars  with  ±  SE  (n=3)  from  independent
experimental sets and the significant values were represented
as * (p ≤ 0.05), ** (p ≤ 0.01) and *** (p ≤ 0.001) by student’s t-test
to  denote  the  significant  differences  between  control  and
treatment through duration of dehydration.
Fig. 3. Changes of GSH content (a), GSSG content (b) and GSH:GSSG activity (c) through days of dehydration of cv. Swarna and
Swarna Sub1. Data are presented in bars with ± SE (n=3) from independent experimental sets and the significant values were
represented as * (p ≤ 0.05), ** (p ≤ 0.01) and *** (p ≤ 0.001) by student’s t-test to denote the significant differences between control
and treatment through duration of dehydration
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nature  of  protein  oxidation  has  appeared  to  be
dehydration  days  dependent  and  also  variable
with regards to sub1A and non sub1A QTL.
The accumulation of H2O2 and thereby its
complex  with  DAB  presented  a  significant
variation  of  H2O2 sensitivity  in  rice,  however,
irrespective  of  cultivars (Fig.  6a).  It  is  quite
interesting  to  note  that  initial  period  of
dehydration  had  scored  hardly  any  significant
variation between control and treatment. Still, the
gradually  distributed  patches  of  peroxide-DAB
complex not consistently but diffused in leaf base
and  apical  portion.  This  trend  is  more  vividly
expressed  when  cv.  Swarna  and  Swarna  Sub1
experienced  maximum  days  of  duration  for
dehydration.  Not  necessarily  to  mention  that  cv.
Swarna  at  higher  days  were  more  sensitive  to
H2O2.  Contextually,  the  trend  of  sensitivity  was
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Fig. 6. Histochemical detection of peroxidase by 3'3'-diaminobenzidine (DAB) staining in leaves (a) and roots (b) of cv. Swarna and
Swarna Sub1 respectively.  ‘C’ represents control, ‘T’  represents treatment (drought) and ‘d’  represent the consecutive days of
experiment through test. Various treatments as 2d C, 2d T, 4d C, 4d T, 8d C and 8d T represents 2 days control, 2 days drought, 4
days control, 4 days drought, 8 days control and 8 days drought respectively.
Fig. 7. Histochemical detection of peroxidase by Nitroblue tetrazolium (NBT) staining in leaves (a) and roots (b) of cv. Swarna and
Swarna Sub1 respectively. ‘C’ represents control,  ‘T’  represents treatment (drought)  and ‘d’  represent the consecutive days of
experiment through test. Various treatments as 2d C, 2d T, 4d C, 4d T, 8d C and 8d T represents 2 days control, 2 days drought, 4
days control, 4 days drought, 8 days control and 8 days drought respectively.
Fig. 5. Changes of carbonyl content (protein oxidation) through
days of dehydration of cv. Swarna and Swarna Sub1. Data are
presented  in  bars  with  ±  SE  (n=3)  from  independent
experimental sets and the significant values were represented
as * (p ≤ 0.05), ** (p ≤ 0.01) and *** (p ≤ 0.001) by student’s t-test
to  denote  the  significant  differences  between  control  and
treatment through duration of dehydration.
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similarly  consistent  with  the  roots  where
dehydration duration would be the key factor to
accumulate  more  peroxide-DAB  product  (Fig.
6b).On the contrary, duration of 4 days appear to
be more prone to H2O2 accumulation. cv. Swarna
unlike leaf sheath accumulated more ROS than cv.
Swarna.  Likewise  another,  the  initial  ROS,  the
superoxide  (O2.-)  were  more  convincing  to
distinguish  in  sensitivity  of  two  cultivars  in  the
present experiment.  This is  clearly demonstrated
that both the rice cultivars were more variable to
the  degrees  of  duration  by  8  days  maximally  to
accumulate  O2.-.  In  leaf  sheath  cv.  Swarna  Sub1
was  more  diffused  in  NBT  mediated  superoxide
through the leaf sheath, however, more progressed
towards tips (Fig. 7a). This was also preceded from
the  earlier  days  of  dehydration  but  with
inconspicuous  manner.  The  trend  was  also
transmitted  to  root  also  (Fig.  7b).  Here,  density
gradient  of  superoxide  accumulation  followed  a
linear trend of increase through the dehydration.
cv.Swarna with significantly varied to accumulate
more superoxide in the root hairs that progressed
from root tip to the basal portion.
Discussion
In  context  to  the  responses  of  dehydration
tolerance of sub1A QTL possessing rice genotypes,
the  selective  physiological  indices  were  more
significant  to  denote  the  possible  tolerance  of
plants.  Dehydration  tolerance  has  been
documented  in  almost  the  crops  where
sustainability and productivity is most important.
Still,  in  the  present  experiment  a  submergence
tolerant  genetic  constituent  has  been deciphered
by interference of dehydration stress.  sub1A QTL
in  rice  is  undoubtedly  for  quiescence  strategy
adoption (15). Therefore, its behaviour to shortage
of  water  may  be  relevant  to  represent  the  rice
genotypes for both submergence and dehydration
tolerance.  Any  physiological  process  is  the
manifestation  of  perception  of  environmental
stimuli  inducing  the  expression of  gene(s)  either
up or down regulation (16). Likewise, dehydration
stress by withdrawn of irrigation may often link to
loss of turgidity of cell membrane (17). This causes
an  uneven  distribution  of  energy,  particularly,
under  high  intensities  of  light  leading  to  a
perturbed of redox of membrane. With generation
of  ROS  and its  consecutive  peroxidation  of  lipid
and  protein  residues  of  the  membrane  are  the
results  and membrane  permeability  is  disrupted
(18). Thus, in the present experiment a significant
loss of electrolyte leakage more in cv. Swarna Sub1
was observed. The permeability of membrane in
cv.  Swarna  Sub1  may  be  linked  to  dehydration
stress  to  balance  the  solute  concentrations  in
dehydrated  cytosol.  As  a  consequence  of  loss  of
electrolytes  from  any  plant  species  the  other
physiological modules would be carry forward the
effects  of  dehydration  stress.  To  compensate  the
deviation  of  carbon  metabolism  and  restore  the
photosynthetic  CO2 enrichment,  few  other
anaplerotic  reactions  are  important  (19).  NADP-
malic  enzyme,  such  of  those  which  enriches  the
CO2 from  malate  in  TCA  cycle  energy  yielding
metabolism (20). Thus, to reduce organic acid load
in the photosynthetic tissues and more to extract
CO2 to engage in reducing sugars, few plant species
are ahead of stress tolerant to others. In general, C4
plants with existence of NADP malate metabolism;
however,  specifically  for  C4 photosynthetic
reactions are important for normal course of CO2
concentration  mechanism  (21).  Still,  non
photosynthetic  NADP(ME)  has  frequently  been
contexted for stress tolerant indices even in these
rice (C3) species. With this background evaluation
of NADP(ME) in both cv. Swarna and Swarna Sub1,
the  C3 species  revealed  interesting  information.
This  was  more  convinced  with  the  nature  of
responses  to  light  and  darkness,  an  essential
edaphic  factors  for  regulation  of  NADP(ME)  at
molecular  level.  Regardless  of  cultivars  the
responses  of  enzyme  activity  becomes
proportional  to  the  function  of  substrate
concentrations. This was more commonly with the
influences of environmental factors as considered
light and darkness herein the present experiment.
NADP(ME) is switched on its active form by dithiol
reduction  of  amino  acid  residues  on  active  site
(22). In case of C4 plants the induction of activity is
more  complex  with  other  chemical  or  cellular
elicitors.  However,  for  cv.  Swarna  Sub1  the
mechanism  of  activity  though  dependent  on
light/darkness,  the  extent  of  regulation  is  more
lenient than cv. Swarna. This could be anticipated
with  the  more  sustainability  of  redox  towards
reduced  state  as  adhered  to  sub1A QTL.  In  fact,
sub1A QTL  exercising  the  post  submergence
anoxic  condition  could  withstand  the  oxidative
stress  by  sustaining  more  reduced  redox.  In
compare  to  non  sub1A QTL  possessing  rice
genotypes, this reduced redox might be supportive
for maintenance of other light inductive enzyme to
its active form. NADP(ME) could be illustrated one
of  those  enzymes  despite  of  C3-C4 discretion  in
plant species as rice in the present case. Therefore,
even  for  dehydration  responses  coupled  to
oxidative  exposure,  NADP(ME)  activity  and  its
modulation would be a biomarker in C3 plants (e.g.
rice) also. NADP(ME)  has already been implicated
as  a  redox  indicator  in  the  plants.  This  is  more
prevalent when it considers the pull of NADP(H) +
H+ accumulated depriving CO2 reduction. The later
is much contextual in any facets of environmental
stress  that  closes  the  stomata  letting  the  CO2
limited  for  reduction  by  NADP(H)  +  H+.  So,  a
precise  ratio  of  NADP(H)  +  H+/NADP+ would
compensate the depleted status of photosynthetic
tissues. The retrieval of glutathione, ascorbic acid,
the non enzymatic  antioxidant with cyclic  redox
system  of  NADP(H)  +  H+/NADP+ would  be  an
indicator  for  stress  tolerance.  In  lineage  to
maintenance of redox through enzyme mediated
pathway  the  two  rice  cultivars  herein  recorded
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their differential antioxidation process. Admitting
the  oxygen  recovery  under  de-submergence
following  exposure  of  an  oxidative  tension,  cv.
Swarna Sub1  also  displays  its  superiority.  sub1A
QTL  is  more  admissible  to  ethylene  regulated
gibberellic  acid  metabolism  which  favours  the
shortening  of  internodes  and  leaf  sheath.   In
addition, this also favours the anaerobic mode of
respiration  making  a  pathway  of  reducing
equivalent like NADPH. 
The  other  redox  carrying  biomolecules,
particularly, sulphur enriched one like glutathione
is most important (23). Thus, the trend in GSH and
GSSG  that  was  expected  to  be  variable  but
remained  more  stable  regardless  the  rice
genotypes.  As  compared  to  control  for  both  cv.
Swarna and Swarna Sub1, the retention of reduced
GSH but not with oxidised form might bear some
relevance. This might be related with involvement
of  reduced  glutathione  to  quench  the  generated
ROS and thereby the depletion results. The cyclic
transformation  of  reduced  (GSH)  and  oxidised
(GSSG) is more frequent in other references with
changing the cellular  redox under abiotic  stress.
The  pattern  of  consumption  of  GSH  and  its
retrieval with regard to oxidative stress tolerance
is  precisely  established  by  GSH  and  GSSG  ratio
(24).  This  is  also  tuned  herein  the  present
experiment where cv. Swarna Sub1 is significantly
marked  with  more  GSH  content  by  readily
retrieval  from GSSG all  through the  dehydration
period. Thereby, cv. Swarna Sub1 would be more
tolerant  even  in  water  deficit  or  dehydration
induced  oxidative  stress.  Ascorbate  metabolism
though established in stress tolerance with also in
two  forms:  oxidised  (ascorbate)  and  reduced
(dehydrate  ascorbate)  (25).  Thus,  the  metabolic
conversion for dehydroascorbate  to ascorbate  by
the dehydroascorbate reductase activity has been
an index for oxidative stress tolerant. cv. Swarna
and Swarna Sub1 had almost the similar trend to
activities all through the dehydration period. This
otherwise  indicate  any  underlying  mechanism
more dependent than ascorbate metabolism would
be supportive in this case. So, cellular redox and
its  sustenance  by  other  biomolecules  would  be
probed for  sub1A QTL  when  facing  dehydration
stress.  Undoubtedly,  plants  are  to  suffer  from
shifting  of  anaerobic  to  aerobic  stress  on  de-
submergence  (26).  De-submergence  here
technically  refers  the  transition  from  complete
submergence  (vis-à-vis anaerobic  condition)  to
non  submergence  (vis-à-vis normal  aerobic
condition).  Contextually,  under  condition  of
complete  submergence  plants  occasionally  face
with  a  sort  of  osmotic  deficit  in  the  tissue
particularly, for roots. It is due to inadequate root
hydraulic  conductivity under anoxic condition of
submergence  that  impedes  energy  dependent
water uptake. 
Factually,  plants  are  more  affected  with
post  submergence  oxidative  stress  than
submergence anoxia does. So, a shifting of redox
also  reflected  with  ROS  generated  protein
oxidation  on  membrane.  Under  de-submergence
plants  experience  more  earlier  loss  of  integral
membrane proteins than lipid residues. It is more
specific  responses  of  dehydration  impulses
through prolong duration,  however,  for both the
cultivar herein to experience the tissue moisture
deficit  in  a  non  interrupted  manner.  In  a  non
interrupted  manner  of  tissue  dehydration,  the
genetic  plasticity  of  plant  species  could  stabilize
the  detrimental  effects.  This  is  also  with  no
encryption  regardless  of  sub1A and  non  sub1A
genotypes.  For  both  the  cases  the  regulation  of
carbonyl  content,  particularly,  at latter period of
dehydration  could  be  imparted  as  induced
adaptability.  Therefore,  protein  oxidation  might
not be the criterion for distinguishing  sub1A QTL
with  non  sub1A QTL.  The  differential  activity  of
O2.-  is  very  much  tissue  specific,  however,  also
proved  in  the  present  experiment.  Thus,  cv.
Swarna  and  Swarna  Sub1  with  respect  to  their
sub1A QTL  responded  well  still,  with  significant
variation for O2.-   accumulation. Submergence with
inundation  often  linked  to  an  in-built  anoxic  or
hypoxic that results not much with scope to ensure
oxidative  damages.  De-submergence  were
withdrawn of excess water is the key and a sudden
exposure  to  high  oxidative  tension  causes  a
significant  ROS  generation.  In  the  present
experiment,  dehydration  often  linked  to  full  or
partial  oxidative  exposition  is  also  sensitized  by
sub1A QTL. Thus, in the present experiment it may
prove the compatibility of dehydration perception
with  oxygen  induced  ROS  generation.  Similarly,
the  accumulation  of  H2O2 but  with  varied
quantities  is  also  evident  for  DAB staining.  H2O2
accumulation in tissue is accomplished with dual
roles:  an  ROS  intermediate  to  degenerate  the
biomolecules  and/  or  a  molecular  elicitation  for
different  cellular  process  (27).  The  later  is  very
often aligned within  the  threshold concentration
of  H2O2 within  cellular  environment.  Thus,  cv.
Swarna and Swarna Sub1 have not been demarked
well under dehydration stress with regards to H2O2
accumulation.  O2.- is  the  initiation  to  establish
oxidative  stress  in  plants  through  series  of
downstream reactions.  sub1A QTL has  also been
analysed  of  its  sensitivity  to  induced  ROS  (28).
Dehydration refers the storage of water in cytosol
and  cellular  organelle  that  regulate  closing  of
stomata.  This  limits  the entry of  CO2 and excess
reducing  equivalent  would  be  forced  to  reduce
molecular oxygen (O2) by its electron into O2.-.  In
rice  almost  the  abiotic  stressors  are  secondarily
effective  ROS  generation  which  is  not  any
exception in the present  experiment  where both
the varieties are marked with distribution of O2.- as
distinct  intensities  through  formazan  in  leaves
than  roots.  It  assumes  that  on  dehydration  the
leaves  may  regulate  the  water  loss  by  stomatal
regulation  and  thereby,  NADPH  could  spill  the
electrons  from  electron  transport  chain  and
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reduce the O2.- (29). Dehydration escape strategy in
rice is facilitated by rolling of lamina in tolerant
rice  cultivars  (30).  This  ensures  more  ROS
generation that otherwise may be of constraints to
plants.
Conclusion
In conclusion, the rice genotypes with possessing
of sub1A QTL is likely more accommodating to the
dehydration  stress.  This  is  not  through
manifestation  of  any  particular  physiological
consideration but with a collection of contributing
factors. cv. Swarna Sub1 is more reliable to cope
up the dehydration stress either to consider at post
submergence  or  to  cultivate  under  soil  moisture
deficit  condition.  The  most  significant  path  that
follows  the  better  sustenance  of  dehydration
responses  produced  to  be  oxidative  redox
maintenance  which  is  lacked  in  cv.  Swarna.
Therefore,  besides  the  vegetative  and  other
physiological  selective  pressures  for  quiescence
strategies  redox  homeostasis  comes  most
important.  This  is  more lenient  with glutathione
metabolism and its recovery under depleted redox
of  dehydration.  Even rice  being a  C3 species the
exercise  of  anaplerotic  reactions  for  CO2
enrichment by NADP-ME activities would also be
contributing  in  proportion  to  the  loss  of
carbohydrate under dehydration.
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